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[57] ABSTRACT 

A 3x3 optical guiding arrangement is disclosed for 
providing both power splitting between a pair of output 
guides in the 3 X 3 guide structure and polarization split- 
ting (into the TE and TM modes) between the central 
guide and the pair of outer guides. In accordance with 
the present invention, the mutual coupling length L and 
separation distance d between adjacent guides are 
chosen to provide the desired polarization splitting and 
total intensity (power) in the outer guides. For example, 
an input signal of intensity I comprising both the TE 
and TM modes may be launched in the center guide and 
with correct choices for L and d, will result in output 
signals of I m/2 each of the outer pair of guides and I te 
from the central guide. 

7 Claims, 4 Drawing Sheets 
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OPTICAL POWER SPLITTER AND 
POLARIZATION SPLITTER 

This invention was made with Government support 5 
under NASA Contract NAS7-918— Jet Propulsion 
Laboratories Subcontract 956805, awarded by the Na- 
tional Aeronautics and Space Administration. The 
Government has certain rights in the invention. 

The invention described herein was made in the per- 10 
formance of work under NASA Contract No. BP-6- 
0419-200 Subcontract 956805 and is subject to the pro- 
visions of Section 305 of the National Aeronautics and 
Space Act of 1958 (72 Stat. 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION ! 5 

1. Field of the Invention 

The present invention relates to an optical power 
splitter and polarization splitter and, more particularly, 
to a 3 X 3 light guiding arrangement wherein light con- 20 
taining both TE and TM polarization may be launched 
in the middle light guide to form, for example, outputs 
of TM/2 in each of the two outer guides and TE in the 
center guide. 

2. Description of the Prior Art 25 

There exist may systems which require both optical 

beam splitters and polarizers. For example, effective 
beamsplitters are often a useful component in laser shar- 
ing systems, for example, optical customer loop net- 
works must share laser sources to meet the needs of 30 
numerous customers with a minimal cost. In these in- 
stances, 1 X N beamsplitters could be utilized to share a 
single laser among a plurality of N users. Another can- 
didate for optical beamsplitters are rotation measuring 
fiber optic gyroscopes, which are beginning to replace 35 
mechanical gyroscopes for both military and civilian 
applications. In a fiber gyro, a light beam is launched in 
counter propagating directions through a coil of fiber, 
preferably single mode fiber. As the system rotates, to 
the light beam traveling in the same direction with the 40 
rotation will become delayed with respect to the light 
beam traveling against the direction of rotation. That is, 
the apparent optical path length seen by the light travel- 
ing with the rotation is increased, while the apparent 
optical path length seen by the light traveling against 45 
the rotation is decreased. The increased and decreased 
apparent optical lengths thus result in a phase difference 
between the two light beams as they emerge from the 
fiber loop. This phase difference can then be measured 
to to provide an indication of the system's rotation. 50 

A typical prior art optical gyroscope is disclosed in 
U.S. Pat. No. 4,280,766 issued to W. C. Goss et al on 
July 28, 1981. In the Goss et al system, a 2 X 2 beamsplit- 
ter is used to create the pair of light beams which will 
propagate in opposite directions through the fiber loop. 55 
A problem with the 2 X 2 beamsplitter arises in systems 
which require a high degree of sensitivity. It can be 
shown that in order to provide a linear relationship 
between rotation and phase difference, an additional 
phase bias of tt/2 must be introduced into the system. A 60 
complete explanation of this aspect of 2 X 2 beamsplit- 
ters can be found in the article entitled “Fiber-optic 
gyroscope with [3x3] directional coupler" by S. K. 
Sheem appearing m Applied Physics Letters, Vol. 37, No. 

10, November 1980 at p. 869-871. Many 2X2 optical 65 
gyroscope systems, including Goss et al, utilize external 
components to provide this phase bias. In his article, 
Sheem proposes an alternative solution, the use of a 


2 

3x3 beamsplitter, which can be demonstrated to incor- 
porate this required phase bias. U.S. Pat. No. 4,440,498 
issued to S. K. Sheem on Apr. 3, 1984 discloses an opti- 
cal gyroscope utilizing the 3x3 directional coupler 
described in the article. In this system, the incoming 
light is launched into the center waveguide and the 
outer pair of waveguides are coupled to the fiber loop 
forming the gyro. As with the system discussed above, 
the phase difference between the light outputs from the 
outer pair of waveguides is indicative of the rotation 
experienced by the gyroscope. Various alternative con- 
figurations of the 3 X 3 directional coupler are discussed 
by Sheem in a later article entitled “Optical fiber inter- 
ferometers with [3x3] direction couplers: Analysis" 
appearing in the Journal of Applied Physics, Vol. 52, No. 
6, June 1981 at pp. 3865-3872. One such alternative 
arrangement is disclosed in U.S. Pat. No. 4,479,715 
issued to Sheem on Oct. 30, 1984, wherein a combina- 
tion of a 3x3 directional coupler with a 2X2 direc- 
tional coupler are utilized to form a rotation-sensing 
interferometer. Another implementation, which can be 
formed as a planar structure, is described in an article 
entitled “3x2 Channel Waveguide Gyroscope Cou- 
plers: Theory" by W. K. Burns et al appearing in the 
IEEE Journal of Quantum Electronics, Vol. QE-18, No. 
10, October 1982 at pp. 1790-96. In this type of coupler, 
the incoming central waveguide is terminated in the 
body of the structure, thus decreasing the separation 
between adjacent optical paths to increase the amount 
of optical coupling. U.S. Pat. No. 4,445,780 issued to W. 
K. Burns on May 1, 1984 discloses a rotation-sensing 
gyroscope utilizing this 3X2 coupler. 

Since gyroscopes require a unique path for the two 
counterpropagating beams, polarizing components 
must also be utilized. An imperfect polarizer in the 
gyroscope results in a phase bias which is proportional 
to the extinction ratio of the polarizer. False readings of 
rotation rate result due to this phase bias. Often, these 
polarizers are formed by incorporating predetermined 
bends in the fiber loop forming the rotator. These bends 
place a stress on the fiber which induces a birefringence 
in the fiber, thus altering the propagating constants of 
the two polarized modes and insuring a predetermined 
degree of coupling between the two modes. However, 
the amount of bending required to provide the neces- 
sary stress-induced birefringence will change as a func- 
tion of type of fiber utilized, the size of the fiber loop, 
the number of turns used to form the loop, etc. Addi- 
tionally, system changes may disturb the fiber loop so as 
to change the induced birefringence. For example, mili- 
tary system applications may introduce changes into the 
fiber loop which alter or destroy this induced birefrin- 
gence. Alternative polarizing arrangements include 
loading the waveguide with either an evaporated mate- 
rial or an optically contacted (and birefringent) super- 
strate. These arrangements, although useful, are found 
in practice to exhibit a poor degree of polarization ex- 
tinction as a function of length, and offer no design 
freedom in the choice of polarization which is sup- 
pressed. 

Therefore, a need remains in the prior art for an inte- 
grated component capable of performing both the 
power splitting and polarization splitting required for 
fiber gyroscope applications. 

SUMMARY OF THE INVENTION 

The need remaining in the prior art is addressed by 
the present invention which relates to an optical 3x3 
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light guide beamsplitter and polarization splitter and, 
more particularly, to a 3X3 light guide arrangement 
wherein light containing both TE and TM polarization 
components may be launched in the middle guide to 
form outputs of TM/2 in each of the two outer wave- 5 
guides and TE in the center waveguide (or alterna- 
tively, TE/2 and TM). 

It is an aspect of the present invention to provide a 
3x3 light guide arrangement capable of being utilized 
in a fiber optic gyroscope application which is capable 10 
of providing both the necessary power splitting and 
polarization splitting requirements. 

In accordance with the present invention, the re- 
quired TM,TE polarization splitting is accomplished by 
configuring the separation, d, and coupling length, L, 15 
associated with the waveguides. 

Another aspect of the present invention is to provide 
both power splitting and polarization splitting with a 
single integrated optic structure, where in one embodi- 
ment of the present invention the structure comprises a 20 
set of three planar waveguides formed in an optical 
substrate. 

Yet another aspect of the present invention is to pro- 
vide a polarization ratio (unwanted polarization in outer 
two guides/polarization in middle guide) of greater 25 
than —30 dB by utilizing an external electrode array 
displaced over the optically integrated 3x3 waveguide 
configuration. 

Other and further aspects of the present invention 
will become apparent during the course of the follow- 30 
ing discussion and by reference to the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings, where like numerals 35 
represent like parts in several views: 

FIG. 1 illustrates a 3x3 waveguide power splitter 
and polarization splitter formed in accordance with the 
present invention; 

FIGS. 2-4 contain graphs illustrating the coupling 40 
efficiency between the outer two waveguides and the 
middle waveguide of the configuration of FIG. 1, with 
an input signal launched in the middle waveguide for 
different delta beta values; 

FIG. 5 illustrates an alternative 3x3 power and po- 45 
larization splitter utilizing a set of three colinear wave- 
guides, and 

FIG. 6 illustrates a portion of a two waveguide cou- 
pler which may be used to describe a portion of the 
analysis of the arrangement of FIG. 1. 50 

DETAILED DESCRIPTION • 

The power and polarization splitting arrangement of 
the present invention is described below in terms of an 
integrated optical device, that is, a set of three planar 55 
waveguides formed in an optical* substrate. It is to be 
understood, however, that the arrangement of the pres- 
ent invention may also be formed completely of optical 
fiber, or any other light guiding material. 

A 3x3 waveguide power splitter and polarizer 10 60 
formed in accordance with the present invention is 
illustrated in FIG. 1. Device 10 comprises a set of planar 
channel waveguides 12,14 and 16 which are formed in 
an optical substrate 15. For example, waveguides 12,14 
and 16 may comprise titanium diffused into a lithium 65 
niobate (LiNbOj) substrate. However, any optical sub- 
strate material, as well as any waveguide material, may 
be utilized in practicing the present invention. The input 
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to device 10, which may be provided by a coupled 
single mode optical fiber (not shown), is applied to 
waveguide 12, the middle waveguide of the arrange- 
ment. As shown, this input I comprises both the TE and 
TM polarized modes. In accordance with the teachings 
of the present invention, the output from waveguide 12 
will consist solely of the TE polarization, where this 
output is defined as I te- Power splitting is achieved 
between waveguides 14 and 16 of device 10 so that the 
output from waveguide 14, as well as waveguide 16, is 
one-half of the TM polarized portion of the input signal, 
defined as (1tm/2)- As shown in the exemplary embodi- 
ment of FIG. 1, waveguides 12,14 and 16 are initially 
separated by a predetermined distance D, where this 
distance gradually decreases through S-shaped bends 20 
and 22 in waveguides 14 and 16, respectively, until that 
the three waveguides are separated by a substantially 
smaller distance d. Waveguides 12,14 and 16 continue in 
this parallel arrangement for a predetermined distance 
L'. Waveguides 14 and 16 then become progressively 
separated from waveguide 12 through bends 24 and 26, 
respectively, until the three waveguides are again sepa- 
rated by the predetermined distance D. This particular 
geometry is useful in providing sufficient spatial separa- 
tion between adjacent waveguides to facilitate the mat- 
ing of optical fibers or other components to the wave- 
guides. Additionally, the increased separation provides 
sufficient decoupling between adjacent waveguides so 
that the overall length of device 10 is not restricted to 
the coupling length L as defined hereinafter. In con- 
trast, if the 3x3 structure of the present invention illus- 
trated in FIG. 5 were to be employed, the length of the 
device would need to be carefully controlled, the opti- 
cal substrate being cut and polished to exactly the re- 
quired coupling length. For these reasons, therefore, the 
structure of FIG. 1 is considered to be the preferred 
embodiment of the present invention. 

It is to be noted that in order to provide both power 
splitting and signal polarization in accordance with the 
present invention, complete symmetry must be retained 
along the X axis, as illustrated by the dotted line in FIG. 
1. As will be explained in detailed hereinafter, an elec- 
trode configuration 30, including a first electrode 32 
and a second electrode 34, may be formed over wave- 
guides 12,14 and 16 as shown in FIG. 1 to fine tune the 
outputs from device 10, where first electrode 32 is cou- 
pled to a first external power supply (not shown) and 
second electrode 34 is connected to a second external 
power supply (not shown). 

In order to understand the operation of the arrange- 
ment of the present invention, its ability to provide 
power splitting will first be discussed, with a discussion 
of the polarization splitting aspect to follow. Power 
splitting using a 3 X 3 directional coupler is well known 
in the art, where the reader is directed to any of the 
Sheem references cited above for a complete descrip- 
tion. The following description is provided only to form 
a basis of understanding of the operation of the present 
invention. In the general case of a 3 X 3 directional cou- 
pler, the relation between the power E(z) emerging 
from each of the three waveguides as a function of the 
power E(0) introduced at the input to each of the three 
waveguides may be expressed in the following form 
(subscript 1 referring to waveguide 14, subscript 2 refer- 
ring to waveguide 12, and subscript 3 referring to wave- 
guide 16): 
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where 

Z is the distance along the guide, 

A=i cos (aZ) — i(/3f— /3 2 ) sin (aZ)/4a, 

B = ik sin (aZ)a, 

4> = (/3i-h/3 2 )Z/2, 

^ = 03i-y8 2 )Z/2, 
a=[(fi i-y3 2 ) 2 +8K 2 ]V2, 

K is the coupling coefficient between adjacent 
guides, and 

fin is defined as the constant of light in nth guide. 
For the power splitting purposes of the present inven- 
tion, fi\, (for waveguide 14) is constrained to be equal to 
£3 (for waveguide 16). To provide power splitting uti- 
lizing this 3x3 arrangement, the total input signal is 
applied to the center waveguide, defined as waveguide 
12 in FIG. 1. Therefore, the matrices above can be 
rewritten as: 


* 1 ( 2 ) 

* 2 ( 2 ) 

*3(2) 


exp(— «f>) 


a + e »P ifSL 
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exp {-iff) 
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which reduces to 


*1(2) 


B 

*2(2) 

= exp(Af>) 

2A* 

*3(2) 


B 


Thus, it is shown that the energy at the output of wave- 
guide 14 (B) is equal to that from waveguide 16 (B), 
where both of these are equal to exp (— icj>)ik sin (az)/a. 

FIGS. 2-4 -contain graphs illustrating the various 
outputs from device 10 as a function of the difference 
between the propagation constants, fi\ of outer wave- 
guides 14, 16 and fij of the middle waveguide 12. FIG. 
2 illustrates the condition when the propagation con- 
stants of all three guides are equal (i.e., (fiifii) — A/3=0). 
Note that as long as the propagation constants for the 
outer waveguides 14 and 16 remain equal, the power 
intensities from waveguides 14 and 16 remain matched. 
As shown, for a predetermined device length L, virtu- 
ally all of the signal intensity present in the middle 
waveguide 12 has been coupled into the outer wave- 
guides 14 and 16. This length L is defined as the cou- 
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pling length of the device. Referring to FIG. 3, which 
has a A fi of 0.0005, it is seen for the same coupling 
length L, some energy still remains at the output of 
middle waveguide 12. However, this amount is consid- 
5 ered for most applications to be negligible. A large A/3, 
that is, a large difference in the propagation constant of 
middle waveguide 12 as compared with that of wave- 
guides 14,16 will result in a virtual loss of coupling 
10 between the input signal and waveguides 14 and 16. 
This is demonstrated by the graph of FIG. 4, which was 
calculated for a A/3 of 0.01. Note that in all three cases, 
as long as the propagation constant for waveguides 14 
and 16 remain equal, the power intensities from wave- 
15 guides 14 and 16 remain matched. This characteristic is 
seen to be independent of A/S. This attribute of the 3 X 3 
waveguide arrangement allows device 10 to function as 
an effective beamsplitter. 

The three-waveguide directional coupler is a compo- 
nent that is useful when it is desirable to split the inten- 
sity of the light equally. The phase between the two 
outer waveguides 14,16 is identical. This feature avoids 
the phase bias problem discussed above. 

25 As mentioned above, device 10 of the present inven- 
tion is capable of providing not only power splitting, 
but polarization splitting, as illustrated in FIG. 1. As 
shown, the incoming light I contains both the TE 
(transverse electric) and TM (transverse magnetic) po- 
30 Iarization components. The outputs from waveguides 
12,14, and 16, however, are shown to be completely 
separated in terms of polarization, with the light emerg- 
ing from center waveguide 12 comprising only TE 
35 polarization, and the remaining TM polarization equally 
split between waveguides 14 and 16 (the equality in 
splitting a result of the power splitting ability of device 
10 as discussed above). In order to provide polarization 
splitting in accordance with the present invention, it is 
40 necessary to calculate both the separation d between the 
set of waveguides, as well as the total coupling length L 
of the 3 X 3 arrangement. 

As a first step in the calculation process, assume that 
the three waveguides are completely colinear, forming 
45 the arrangement illustrated in FIG. 5. As stated above, 
this arrangement may be utilized in practicing the pres- 
ent invention, although it is not considered a preferable 
alternative. Here, a set of three waveguides 120,140 and 
50 160 are each separated by a predetermined distance d 
and comprise a predetermined length L /. For the pres- 
ent purposes, it is desired to transfer all of the TM polar- 
ization from the input of center guide 120 to outer 
guides 140 and 160. It is well-known in the art that to 
55 achieve this complete transfer, a pair of waveguides 
with a physical length L / equal to the coupling length 
1 jm of the input signal must be used. Thus for the case 
of complete polarization transfer between a pair of 
guides, L//lrM=l* For the present three- waveguide 
u embodiment, however, this polarization is split in 
power between the pair of outer waveguides 140 and 
160. Thus, the relation defined above is rewritten to 
define a length \’tm for a three waveguide system, 
65 where it can be shown that X tm=\tm^ 2. Accordingly, 
to provide complete transfer of the TM polarization 
between center guide 120 and outer guides 140 and 160, 
the desired relation becomes 
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assumed that there is no coupling between waveguides 
12 and 14 when separated by the distance D. The cou- 
L\ _ ^ ^ NT L\ _ ^ pling length L" of curved section 24 can be calculated 

Ytm ~ ’ ° r ~ using the following equation, 

5 


In order to preserve the TE polarization in center 
waveguide 120, a physical length L/ equal to twice the 
coupling length Ire of the input signal is required. Using 
the same three waveguide analysis as discussed above, 
this results in the following relation: 10 


L\ 

Vte 


2, or 


MTl, 

1 TE 


= 2 . 


15 

These two relations will be important to the analysis of 
the present invention. In general, the coupling length 1 
may be expressed as 


I=I 0 exp (d/y) 


(1), 20 



_ \ D „ 

~ T” 2 L” n eX p ( — d n /y), 
io n—d 


(3) 


which represents a step-wise linear approximation of 
the shape of curve 24. As shown in FIG. 6, d w represents 
the incremental separation between waveguides 12 and 
14, and L " n represents the short length used to calculate 
the actual coupling length. In performing this type of 
step-wise approximation, it is understood that as the 
step size decreases, the fit of the approximation to the 
actual shape of bend 24 is increased. As with the rela- 
tions defined above, equation (3) must be separately 
solved for both the TE and TM modes. That is, to find 
L'Vat* equation (3) is rewritten as 


where y is defined as the waveguide lateral evanescent 
penetration depth and \ 0 is the coupling length evalu- 
ated for a set of initial parameters. Both of these quanti- 
ties are functions of the materials and processes used in 
forming device 10. Additionally, both y and l 0 will have 
different values for the TE and TM polarization modes. 
Given the constraints for the TM and TE coupling 
lengths discussed above, equation (1) can be solved 
simultaneously for both TM and TE modes to yield the 3Q 
required gap distance d needed to perform this polariza- 
tion separation. Rewriting equation (1) for the TM 
mode transfer: 


L 

\tm 


1 

MT 


\oTM 


exp(-d/yTM ) 


( 1TM ) 35 


and rewriting equation (1) for the TE mode mainte- 
nance: 


L _ 2 _ L 

1 TE \f7 loTE 


exp (-d/yrE) 


40 

(1TE) 


Reducing equations (1TM) and (1TE), the following 
relation may be obtained: 45 


, ^oTE ( -d _d S ) 

2 ~~ lorM eXp t^arM + O.JE / 

50 

For an exemplary TM case, let \ 0 tm=215 jam and 
7 TM= 1*9 jam* For an exemplary TE case, let l 0 re“585 
jam and yre=3.5 jam. Solving equation (2) using these 
values thus yields a gap distance d of approximately 6 
jam. This value d=6 /am may then be used with equa- 55 
a tion (1) to solve for L /. 

It is to be noted, however, that these values are valid 
only for the colinear three waveguide configuration 
illustrated in FIG. 5. For the waveguide configuration 
of the preferred embodiment of FIG. 1, additional anal- 60 
ysis related to bends 20,22,24 and 26 in the structure 
must be performed. 

FIG. 6 illustrates a portion of the structure of device 
10, in particular, waveguides 12 and 14, with bend 24 in 
waveguide 14. As stated above, bend 24 is a gentle 65 
S-shaped curve which functions to increase the separa- 
tion between waveguides 12 and 14 from the predeter- 
mined value d to a maximum value of D, where it is 


1 TM- loTM exp (6/y tm) 


(3TM). 


and to find L"re> equation (3) is rewritten as 

1 TE- \oTE exp (6/y te) (3TE), 

Since the complete structure of device 10 contains three 
waveguides, each solution to equation (3) must be multi- 
plied by the factor V2. Additionally, since waveguides 
14 and 16 each contain two bends, the coupling lengths 
must be multiplied by two to arrive at the final solution, 
V22L". For one exemplary set of values, 
L / 'rAf/lVAf“0*353 jLim and L''re/lVi?™0*839 jam. 

The results from equation (3) are then utilized to 
determined the coupling length V of the central portion 
of device 10 as illustrated in FIG. 1. As discussed above 
for the colinear arrangement of FIG. 5, in order to 
obtain complete transfer of the TM polarization from 
the center guide to the outer pair of guides, the physical 
length L of the device must be equal to one (or, alterna- 
tively, an odd number of) coupling length(s) Yjm 
(L /\’tm— 1)* To preserve the TE polarization in center 
guide 12 , the physical length L of device 10 must be 
equal to two (or an even number of) coupling lengths 
rre(L/l're=2). These two constraints on the physical 
length L of device 10 may thus be used in conjunction 
with the solutions to equation (3) to determined the 
required length L' of the central portion of device 10, as 
illustrated in FIG. 1. In particular, 


L 

\'tm 


1 = 0.353 + -rr— , or 
1 TM 


V 

i'tm 


0.647; and 


L 

1 'te 


2 = 0.839 + 


L' 

i 'te 



1.16. 


(4) 


Thus, to find the value of L\ equation (1) must be 
solved to find the values of 1'rA/and I' re* Referring to 
equation (1),* 


1 TM= \oTM exp (d/y TM), 


(1TM) 



4,772,084 


10 
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where, for example, \ 0 tm~215 jam, jtm= 1.9 jam, and 
d = 6 /xm. It is to be remembered that these values are 
exemplary only and are used for the sake of discussion. 
Solving equation (1TM) with these values yields 
\'TM =1 6468.28 /xm. Therefore, since \’tm— 1™/V2, 5 
r™=4573.7 jam. For the TE polarization, equation (1) 
is rewritten as: 

1 TE= 1 0 TE exp (d/y re)- (I TE) 

10 

where, for example, l 0 r£;=585 jam, yTE=2.5 /am and 
d = 6 /xm. Substituting these values into equation (1TE) 
yields \te— 3248.33 um. Therefore, 1'te= 2296.92 jam 
(since lTE-21nr/V2). 15 

Incorporating these results into to equation (4), the 
TM polarization yields a final length L of approxi- 
mately 2959 /xm, and the TE polarization yields a final 
length L of approximately 2664 /xm. The differences 
between these two values may be attributed to the initial 2 o 
approximation for d being based on a ratio of TE to TM 
coupling at one particular gap, where in reality a num- 
ber of different gaps exist due to the presence of the 
bends: Agreement between these two values may be 
accomplished by adjusting both the gap distance d and 25 
length L'. 

As mentioned above, an external field may also be 
applied to plates 32 and 34 to tune the amount of decou- 
pling between the TM and TE modes. The particular 
electrode structure illustrated in FIG. 1 is utilized to 30 
insure that both outer waveguides 14 and 16 see the 
same electric field with respect to center waveguide 12. 
This is required to insure the even power split between 
electrodes 14 and 16 . A relatively small voltage may be 
applied to achieve a polarization ratio of —30 dB, 35 
where the polarization ratio is defined as the amount of 
unwanted TE polarization present in waveguides 14 
and 16 divided by the total TE polarization present in 
all three waveguides. It should be noted, however, that 
with less stringent requirements for the polarization 
ratio, the application of an external electric field will 
usually not be necessary. 

What is claimed is: 

1. An optical guiding structure for providing splitting 45 
of both the power I of an input signal and the polariza- 
tions TE, TM (TE being defined as the transverse elec- 
tric polarization and TM being defined as the transverse 
magnetic polarization) of said input signal, said optical 
guiding structure being defined as having 50 

a central guide and a pair of outer guides, coexten- 
sively parallel over a predetermined length L and 
mutually separated by a predetermined distance d, 
wherein the propagation constants )3i and £3 of 
said outer pair of guides are equal to a first propa- 55 
gation value /3 i = /33=/3; 

the predetermined length L and predetermined sepa- 
ration distance d defined by the relations 


L 

1 TM 


NT 


loTM exp( - d/y r\f), and 


L 11 

1 te NT 


l 0 reexp(-<//yre). 


being defined as the coupling length required to 
completely transfer a first polarized state from one 
guide to an adjoining guide for a predefined pair of 
guides, and y being defined as the guide lateral 
evanscent penetration depth, the relations being 
solved for proscribed values of \ 0 tm, 1 oTE* and jte, 
said predetermined length L and predetermined 
separation distance d thus achieving transfer of a 
first polarization from an input signal applied to the 
central guide to said outer pair of guides and allow- 
ing the second, remaining polarization to emerge 
from said central guide. 

2. An optical guiding structure as defined in claim 1 
wherein the input signal may be applied to the central 
guide and the predetermined length L and separations 
distance d are chosen so that the TM polarization is 
coupled into the outer pair of guides and the TE polar- 
ization emerges from the central guide, the set of output 
signals being defined as Itm/2 for said outer pair of 
guides and I te for the central guide. 

3. An optical guiding structure as defined in claim 1 
wherein the input signal may be applied to the central 
guide and the predetermined length L and separation 
distance d are chosen so that the TE polarization is 
coupled into the outer pair of guides and the TM polar- 
ization emerges from the central guide, the set of output 
signals being defined as Ite/2 for said outer pair of 
waveguides and IzMfor the central guide. 

4. An optical guiding structure as defined in claim 1 
wherein the central guide and the pair of outer guides 
comprise optical waveguides formed in an optical sub- 
strate. 

5. An optical guiding structure as defined in claim 4 
wherein the optical substrate comprises lithium niobate 
and the guides comprises titanium diffused into the 
lithium niobate optical substrate. 

6. An optical guiding structure as defined in claim 4 
wherein the structure further comprises electrode 
means disposed over each waveguide and coupled to a 
pair of external power sources, a first electrode of said 
electrode means associated with the pair of outer wave- 
guides and a second electrode of said electrode means 
associated with the central waveguide, said electrode 
means when connected to said pair of external sources 
capable of providing increased polarization splitting 
between the central waveguide and the pair of outer 
waveguides. 

7. An optical guiding structure as defined in claim 1 
wherein the central guide and the pair of outer guide 

comprise single mode optical fiber. 
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